The effect of Cr addition on the fluidity of aluminum (LM6) alloy has been investigated by spiral fluidity test. Presence of 0.1 wt.% Cr decreased fluidity of melt due to formation of sludge. In fact Cr changes the morphology of the intermetallic phase from β-intermetallics less harmful polyhedral morphology (α-intermetallics). The β-phases have largest surface to volume ratio, hence they have the largest interfacial region with the melt and are the most detrimental intermetallic to drop off the fluidity. In Cr-containing alloys the effect of α-phase is less detrimental than β-phase to the fluidity. On the other hand sludge formation and consuming Si and shifts the local chemical composition of the melt to the aluminum side of the phase diagram which has lower fluidity than eutectic and hypereutectic compositions.
Introduction
Thin wall castings often are profitable due to their light weight structure, which enables for increased payload and condensed energy consumption in automotive and aerospace applications. There has been a growing demand to meet the severe requirements of the design engineers for fabricating thinner section castings with excellent mechanical properties [1] .
Aluminum alloys have been considered as capable materials to meet these necessities due to their low density, high specific strength and specific stiffness combined with good castability [2] . Aluminum LM6 alloy is one of Al-Si casting alloy with 10-13% Si. It has been rewarding alloy for diverse industry applications such as automotive and aerospace functions [3] . However, thin wall castings of this material can cause manufacturing problems related to mold filling. Rapid cooling of thin wall sections of the casting reduce the fluidity of the molten metal, which could cause the molten metal to prematurely freeze before it can completely fill the mold cavity, resulting in an incomplete fill or cold shuts. Hence, one of the prime factors to be taken into account in foundry practices of thin section castings is the fluidity and a thorough knowledge about the various factors influencing it is also essential [4] . The factors determining fluidity can be basically divided into (i) metallurgical variables, such as composition, superheat, latent heat, surface tension, viscosity and mode of solidification and (ii) mold/casting variables, such as part configuration, cooling rate, degree of super heat, mold material and its surface characteristics [5] . The excellent fluidity of pure aluminum initially decreases with the addition of small amount of these alloying elements due to the widening freezing range and changing solidification pattern from a planar to a mushy one. The fluidity decreases with increasing alloying content until a minimum is reached, where the alloy composition exhibits maximum freezing range. Fluidity then increases with further increasing alloying content until a maximum is reached at the eutectic composition, where solidification pattern is planar. Al-Si alloy system, as shown in fig. 1 , exhibits an exception to the above. The maximum fluidity is moved to the hypereutectic composition of 18% Si (compare to the eutectic at 12% Si) [6] . This may be due to (i) the release of the high latent heat of fusion of silicon (estimates vary from 4.5 to 3.7 times the latent heat of fusion for Al) as pro-eutectic primary silicon forms and (ii) the non-dendritic primary silicon particles form a more mobile melt than one in which aluminum dendrites impinge and cohere [7] . Cr has been reported as a destructive impurity for mechanical properties of Al-Si alloys [8] . It arises as a slight impurity in commercial-purity aluminum (5 to 50 ppm) with a large effect on electrical resistivity. It has been a regular addition to various aluminummagnesium, aluminum-magnesium-silicon, and aluminum-magnesium-zinc alloys in amounts commonly not exceeding 0.35%. Further addition of chromium causes formation of very coarse constituents with other impurities. It is reported that chromium also acts as an inhibitor of grain growth and recrystallization due to its low diffusion rate and formation of fine dispersed phases in Al-Mg, Al-Mg-Si and Al-Mg-Zn alloys [9] . Although much research has been done to date, more studies need to be conducted to ascertain the effects of Cr on Al-Si alloying system. In the present paper the influence of Cr addition (0.10 wt.%) on fluidity of aluminum (LM6) alloy is reported.
Experimental procedures
The LM6 alloy ingot with chemical composition illustrated in Table 1 as the base material and a alloy with 0.1 wt.% Cr addition were prepared and melted in a SiC crucible in an electrical resistance furnace. After melting the ingots, exact amount of Cr was added to the melt at 720 •C. The melt was stirred by a ceramic coated steel rod for five minutes to ensure the dissolution and homogeneity of Cr in the melt. Neither of grain refiner, modifier and degasser was used during melting and casting. The melt temperature was quantified by a K-type thermocouple. The pouring temperature was 670 •C and the melt was stirred before pouring. The melt (at 670 • C) was poured in sand cast spiral molds for fluidity. Fig. 2 illustrates green sand mold which was used for spiral fluidity measurement.
Result and discussion
The length of fluidity of the aluminum LM6 and additive Chromium are shown in table 2. In the spiral mold, the length of fluidity is shortened noticeably by presenting of 0.1 wt.% Cr addition. The main cause of this reduction is formation of sludge. According to segregation factor (SF) equation, sludge formation is dependent on alloy's chemistry and specially Cr [9] [10] [11] . The sludge could be precipitate as primary phase and acts as an obstacle for fluidity of molten metal. Segregation factor (SF) is useful to determine Fe, Mn, and Cr contents to prevent sludge formation [10] .
SF = wt%Fe + 2×wt%Mn + 3×wt%Cr
Eq.1
Cr obviously is the most harmful element for the formation of sludge. According to Eq.1 and chemical composition of the specimens, sludge factor for both base metal (LM6) and the material with 0.10 wt.% Cr addition is calculated. The fluidity of each alloy as a function of segregation factor is plotted in Fig. 4 . In the Al-Si alloy system Cr changes the morphology of the intermetallic phase from β-intermetallics into harmless polyhedral morphology (α-intermetallics). The fluidity of the melt is affected by both the morphology and volume percentage of intermetallics. The β-phases have largest surface to volume ratio, hence they have the largest interfacial region with the melt and are the most detrimental intermetallic to drop off the fluidity. In Cr-containing alloys the effect of α-phase is less detrimental than β-phase to the fluidity [7, 9] .
On the other hand sludge formation and consuming Si shifts the local chemical composition of the melt to the aluminum side of the phase diagram which has lower fluidity than eutectic and hypereutectic compositions [7] . 
Conclusion
The effect of Cr addition on the fluidity aluminum (LM6) alloy has been investigated. Based on results obtained in the present study, the following conclusion can be drawn. 
